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The hypothesis that low productivity has uniquely constrained Australia’s large mammalian carnivore
diversity, and by inference the biota in general, has become an influential backdrop to interpretations of
ecology on the island continent. Whether low productivity has been primary impacts broadly on our
understanding of mammalian biogeography, but investigation is complicated by two uniquely Australian
features: isolation and the dominance of marsupials. However, until the great American biotic interchange
(GABI), South America was also isolated and dominated by pouched carnivores. Here, we examine the
low-productivity hypothesis empirically, by comparing large mammalian carnivore diversities in Australia
and South America over the past 25 Myr. We find that pre-GABI diversity in Australia was generally
comparable to or higher than diversity in South America. Post-GABI, South American diversity rose
dramatically, pointing to isolation and phylogenetic constraint as primary influences. Landmass area is
another important factor. Comparisons of diversity among the world’s seven largest inhabited landmasses
show that large mammalian hypercarnivore diversity in Australia approached levels predicted on the basis
of landmass area in Late Pleistocene–Recent times, but large omnivore diversity was low. Large marsupial
omnivores also appear to have been rare in South America. Isolation and competition with large terrestrial
birds and cryptic omnivore taxa may have been more significant constraints in this respect. Relatively
high diversity has been achieved in Late Quaternary America, possibly as a result of ‘artificially’ high
immigration or origination rates, whereas that in contemporaneous Africa has been surprisingly poor. We
conclude that isolation and landmass area, rather than productivity, are the primary constraints on large
mammalian carnivore diversity. Our results quantify the rarity of large hypercarnivorous mammals world-
wide.
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1. INTRODUCTION

The diversity of large mammalian carnivores in modern-
day Australia is low, a fact historically attributed to low
productivity (Lee & Cockburn 1985). This theme has
been transferred to the fossil record, with soil nutrient
deficiency stressed as a uniquely powerful constraint in
Australia since the Early Miocene (Flannery 1994). These
studies posited that low productivity had limited the spe-
cies richness (SR) and body mass of mammalian herbi-
vores and hence the diversity of their mammalian
predators. By inference, low productivity had measurably
constrained the Australian biota over geological time.

The efficacy of the low-productivity hypothesis is diffi-
cult to examine directly because it is difficult to separate
soil nutrient levels from other factors, notably isolation
and phylogenetic constraint (Wroe et al. 2004a). Direct
comparison with arbitrarily defined regions within larger
landmasses is problematic, because it does not account
for island effects (Rosenzweig 1992; Wroe et al. 2004a).
However, although Australia now stands alone among
inhabited continents in being isolated and dominated by
marsupial carnivores, until the placental invasions of the
great American biotic interchange (GABI) ca. 3 Myr ago,

* Author for correspondence (swroe@bio.usyd.edu.au).

Proc. R. Soc. Lond. B (2004) 271, 1203–1211 1203  2004 The Royal Society
DOI 10.1098/rspb.2004.2694

this was also true of South America (Van Valkenburgh
1999). Consequently, meaningful comparisons can be
drawn between the palaeofaunas of these two isolated
landmasses (Flannery 1994; Wroe 2002). Qualitative
assessment of the fossil record led Flannery (1994) to con-
clude that the diversity of large marsupial carnivores was
much higher in pre-GABI South America, but mounting
evidence undermines this conclusion. Mammalian carni-
vore diversities in Australia’s fossil faunas have been
underestimated (Wroe 2002, 2003, 2004), as have the
maximal body masses of key Australian taxa (Wroe et al.
2003, 2004b). Others have concluded that, pre-GABI,
mammalian carnivore diversity was low throughout the
Neogene in both continents (Marshall 1978; Van Valken-
burgh 1999), as were mammalian predator–prey ratios in
local faunas immediately prior to the GABI (Croft 2001,
2002).

Overall, nutrient levels in South American palaeosols
are unlikely to have been comparable with those of Aus-
tralia. The major influence on soil nutrient levels is geo-
graphical relief ( Julien 1995). A lack of geological activity
throughout the Cenozoic rendered Australia the world’s
flattest continent, largely explaining the general nutrient
deficiency of the continent’s soils (Brown et al. 1968), but,
geologically, South America has been more dynamic.
Initial formation of the Andes was complete by the Early
Oligocene; however, additional uplift occurred at varying
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places, times and rates through the Late Oligocene–
Pliocene (Gregory-Wodzicki 2000). While much of the
Andes had reached no more than half their present elev-
ation in the Early–Middle Miocene, this still greatly
exceeds Australian relief at any time (Brown et al. 1968;
Gregory-Wodzicki 2000).

The investigations of Croft (2001, 2002) implicate iso-
lation and phylogenetic constraint as explanations for the
observed low SR in South America and Australia, but did
not consider body mass and do not directly address the
low-productivity theory, which is rooted in an observed
paucity of large mammalian carnivores. ‘Large’ as defined
by Flannery (1994) includes species with mean body
masses of 2.5 kg or more, a defensible distinction because
no hypercarnivorous extant marsupials (sensu Van Valken-
burgh 1989) are smaller than this (Jones 2003).

In this study we examine the low-productivity hypoth-
esis quantitatively by comparing diversities over the past
25 Myr in Australia and South America and investigating
the relationship between landmass area and diversity for
large mammalian carnivores.

2. MATERIAL AND METHODS

(a) Body-mass prediction
Thirty Australian and 25 South American marsupial carni-

vores of 2.5 kg or more are known to have existed since Oligo-
cene times and a further 44 large placental carnivores have also
been recorded for South America (Appendix A). Including 13
fossil taxa, 129 terrestrial mammalian carnivores of 2.5 kg or
more have existed on the seven largest inhabited landmasses
over the past 65 000 years (electronic Appendix B). Empirically
derived body-mass estimates were used for all fossil taxa (see
Appendix A and electronic Appendix B).

(b) Comparisons
Australian and South American species were allocated to one

of five time intervals (1, 24–17 Myr ago; 2, 17–10 Myr ago; 3,
10–5 Myr ago; 4, 5–3 Myr ago; 5, 3 Myr ago to the present) and
plotted against three descriptors of diversity: SR, mean of all
mean body masses (MMBM) and mean maximal body mass
(BMMax: i.e. mean body mass of the largest species). Data were
log10 transformed.

It is extremely unlikely that we have included all large mam-
malian carnivore taxa that have existed on either continent. The
likelihood that the fossil record is complete is largely a function
of the number of specimens and localities sampled, as well as
their geographical and temporal spreads. Compilation of a com-
plete list of localities is currently impractical and we have not
attempted to account for sampling bias in this study. Temporal
spread is now reasonably complete for both continents, geo-
graphical spread is less so. However, if bias is present then it
probably favours South America. Out of nine Miocene South
American Land Mammal Ages, the best represented has more
localities than are known for the entire Australian Miocene.
Thus, the Santacrucian Formation (16.5–17.5 Myr ago) con-
tains at least 29 localities compared with 19 for Miocene Aus-
tralia (Savage & Russell 1983).

Australia is 43% of the area of South America. To correct for
this we generated six predictive equations through regression of
SR, mean body mass and MMBM against landmass area using
the Late Pleistocene–Recent dataset. Smaller landmasses were
not included, either because they have had no large mammalian
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hypercarnivores, or because, as parts of archipelagos, they
should be treated as single landmasses (Flessa 1975). We used
a cut-off of 65 000 years ago following the rationale of Burness
et al. 2001.

Three equations were derived from the sample of all large
‘carnivores’. Feeding behaviour of each species was taken from
the literature (electronic Appendices B, C and D). Of Late
Pleistocene–Recent Carnivora of 2.5 kg or more, the proportion
of hypercarnivores was 32%. Because most marsupials included
in our analyses were probably hypercarnivorous (Wroe 2002;
Johnson & Wroe 2003), we derived another three equations for
meat and meat–bone specialists.

With these equations we generated predicted values for diver-
sity on the basis of landmass area for the seven landmasses. The
percentage of observed relative to predicted diversity was calcu-
lated for each (table 1). For Australian and South American
taxa, the percentage of observed relative to predicted diversity
was then plotted over the five time intervals.

3. RESULTS

(a) Direct comparisons
Between 25 Myr ago and 3 Myr ago, the overall SR of

large mammalian carnivores differed little between Aus-
tralia (23 species) and South America (24 species). Post-
GABI, SR remained constant in Australia, but rose from
four to 42 in South America (figure 1a).

MMBM showed a generally upward trend from the
Early Miocene onwards on both landmasses (figure 1b).
Pre-GABI, MMBM was 4.7% higher overall in South
America (26.3 kg versus 25.1 kg) and slightly higher for
each interval except the Late Miocene. Post-GABI this
rose to 41.2%.

Regarding BMMax, pre-GABI the two largest mam-
malian carnivores on either continent were Australian
marsupial lions. In the Early–Middle Miocene and Early
Pliocene, BMMax was between 18.2% and 32.2% lower
in Australia than in South America. In the Late Miocene,
BMMax was 60% lower in South America than in Aus-
tralia. Post-GABI, BMMax rose 38.3% in Australia, but
658% in South America (figure 1c).

(b) Comparisons with worldwide Late Pleistocene–
Recent large mammalian carnivore diversity

(i) All Late Pleistocene–Recent large mammalian carnivores
The relationship between SR and landmass area for the

sample inclusive of all Late Pleistocene–Recent
mammalian carnivores of 2.5 kg or more was:
log(SR) = 0.8386 × log(area) – 4.7634, r2 = 0.93 (figure
4a in electronic Appendices C and D). Among continents,
the percentage of observed relative to predicted SR was
lowest for Australia and highest for South America (table
1), but, over time, the percentage of observed relative to
predicted SR for Australia was consistently higher than for
South America pre-GABI. Up to this point both isolated
continents showed relatively low diversity, excepting
Middle Miocene Australia (figure 2a).

Predicted MMBM was 30.68 kg for Australia and
40.51 kg for South America (log(MMBM) = 0.3303
× log(area) � 0.7874, r2 = 0. 50 (figure 4b in electronic
Appendices C and D)). Observed MMBM was higher
than predicted in Late Pleistocene–Recent Australia,
North America and South America, and lower than
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Table 1. Percentages of observed relative to predicted diversity for Late Pleistocene–Recent mammalian carnivores of 2.5 kg or
more for seven landmasses. All, total dataset; M/M-B, hypercarnivores only; BMMax, mean maximal body mass.

SR (all) MMBM (all) BMMax (all) SR (M/M-B) MMBM (M/M-B) BMMax (M/M-B)

Madagascar 98.01 45.20 73.26 109.89 72.48 80.56
New Guinea 39.06 198.90 120.08 88.50 126.47 126.47
Australia 47.66 113.79 83.27 92.08 75.45 93.08
South America 140.23 137.09 165.59 122.96 198.48 180.71
North America 108.01 187.61 209.48 116.67 161.62 161.62
Africa 90.20 50.77 51.73 85.71 63.37 80.56
Eurasia 102.75 75.20 72.41 95.24 119.24 85.25
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Figure 1. Direct comparisons of large (2.5 kg or more)
mammalian carnivore diversity between Australia (squares)
and South America (diamonds) over the past 25 Myr: (a)
SR, (b) mean body mass (kg) and (c) BMMax (kg).

predicted in Eurasia and Africa in particular (table 1). The
pre-GABI percentage of observed relative to predicted
MMBM was slightly lower in Australia than South Amer-
ica until the Late Miocene, when it became much higher
(figure 2b).
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Figure 2. Observed (a) SR, (b) MMBM and (c) BMMax, as
percentages of predicted for all large Australian (squares)
and South American (diamonds) mammalian carnivores over
the past 25 Myr.
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Regression of BMMax against area was expressed
as log(BMMax) = 0.7298 × log(area) � 0.0714, r2 = 0.88
(figure 4c in electronic Appendices C and D). BMMax
was low in Late Pleistocene–Recent Eurasia, Australia and
especially Africa, but high in North and South America.
The predicted BMMax for Australia was 124.86 kg and
that for South America was 230.69 kg. The percentage of
observed relative to predicted BMMax was consistently
higher in Australia than South America pre-GABI, but
again relatively low on both continents (less than 37%)
until the Late Miocene in Australia (figure 2c). Post-
GABI, this remained relatively constant in Australia, but
rose dramatically in South America (from 25% to 166%).

(ii) Late Pleistocene–Recent large mammalian
hypercarnivores

Regressing SR and landmass area for Late Pleistocene–
Recent mammalian hypercarnivores of 2.5 kg or more pro-
duced the following equation: log(SR) = 0.6964 ×
log(area)�4.0601, r2 = 0.99 (figure 5a in electronic
Appendix D). Observed SR was lower than predicted on
all continents except North and South America: 92% for
Australia, 123% for South America and, at 86%, lowest
in Africa (table 1). Until the GABI, the percentage of
observed relative to predicted SR followed a similar trend
for the two island continents (figure 3a), but values were
consistently higher and generally more than 100% for
Australia. In pre-GABI South America the percentage of
observed relative to predicted SR was less than 62%
throughout, except during the Middle Miocene. Post-
GABI, SR rose to 205% of the predicted value in South
America, but dropped in Australia (from 130% to 92%).

The predicted MMBM for Australia was 42.41 kg and
that for South America was 53.87 kg (log(MMBM) =
0.2842 × log(area) � 2.6706, r2 = 0.55 (figure 5b in elec-
tronic Appendix D)). Again, the observed MMBM was
less than predicted on all continents, except North and
South America and Eurasia and lowest in Africa (table 1).
In Australia and South America, the percentage of
observed relative to predicted MMBM was less than 50%
in the Early–Middle Miocene. In the Late Miocene this
rose to 99% in Australia, before falling to 61% in time
interval 4 and rising to 83% in interval 5. In South Amer-
ica values remained consistently low until after the GABI,
when they rose to 141% (figure 3b).

The predicted BMMax was 117.30 kg for Australia and
211.40 kg for South America (log(BMMax) = 0.7033 ×
log(area) � 0.2256, r2 = 0.91 (figure 5c in electronic
Appendix D)). The percentage of observed relative to pre-
dicted BMMax was again consistently higher in Australia
than South America pre-GABI, but relatively low on both
continents (less than 41%) until the Late Miocene in Aus-
tralia (figure 3c). Post-GABI, this remained relatively con-
stant in Australia, but reached 179% in South America
(from 32%).

4. DISCUSSION

Our direct comparisons show that, between 25 Myr ago
and 3 Myr ago, SRs and BMMaxs of large Australian and
South American mammalian carnivores were generally
comparable (figure 1). Overall, mean body mass was ca.
5% higher in South America prior to the GABI. Post-
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Figure 3. Observed (a) SR, (b) MMBM and (c) BMMax, as
percentages of predicted for all large Australian (squares)
and South American (diamonds) mammalian
hypercarnivores over the past 25 Myr.

GABI, both SR and BMMax rose dramatically in South
America compared with Australia. Mean body mass rose
at comparable rates post-GABI on both continents. How-
ever, the largest South American species from the interval
immediately prior to the GABI was a large immigrant pro-
cyonid, Chapadmalania altaefrontis (93.5 kg). If this spec-
ies is removed from the analysis, then the same trend is
apparent in South America for mean body mass as for the
other descriptors.

After allowance for area, diversity in pre-GABI Aus-
tralia was typically higher than in South America, whether
or not we treated marsupial ‘carnivores’ as hypercarni-
vores (figures 2 and 3), but diversity rose dramatically
post-GABI in South America. The sixfold increase in
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BMMax and eightfold increase in SR between Early Pli-
ocene and Late Pleistocene–Recent South America is diffi-
cult to rationalize as a function of soil nutrient levels.
Relative to area, for Late Pleistocene–Recent hypercarniv-
ores, SR, MMBM and BMMax were the world’s highest
in South America. The onset of an accelerated round of
orological activity between 10 Myr ago and 7 Myr ago
(Gregory-Wodzicki 2000) coincided with a decline in
diversity that was not reversed until the GABI.

Arguments explaining mammalian carnivore diversity as
a function of productivity assume a simple and positive
relationship, but it is more often complex (Wroe 2002).
Large body size can be a response to poor-quality food
(Alexander 2003). For example, relative abundance of
megaherbivores in African savannahs is highest in areas
characterized by low soil nutrient levels (Bell 1982).
Recent empirical evidence shows that, contra earlier
expectations, mammalian diversity typically declines with
increasing productivity (Rosenzweig 1992, 1995; Barno-
sky et al. 2001). Moreover, our results demonstrate that
correlations depend on which descriptors are considered.
In present-day Australia, the relationship between
BMMax and SR among marsupials is inverse (Aava
2001). This is consistent with our findings. SR in Australia
is highest in the Middle Miocene, a time of high rainfall
and productivity (Kashiwagi & Shikazono 2003), but
mean (same as MMBM, here) and BMMax are low.

There is some correspondence between the shapes of
the lines that track diversity for pre-GABI Australia and
South America. In both, SR peaks in the Middle Miocene
and is lowest in the Late Miocene, whereas mean body
mass increases from the Early to Late Miocene (figure
1a,c), suggesting that factors operating at a global scale
were responsible.

Interpretations of feeding behaviours also impact
strongly on this debate. The argument that large mam-
malian carnivore diversity reflects productivity is predi-
cated on their position as high-order consumers. The
placental taxon, Carnivora, includes many species that are
dietary generalists. Consequently, unqualified compari-
sons between marsupial carnivore families and Carnivora
may demonstrate the greater success of carnivorans as
omnivores, but not necessarily as strict meat-eaters. The
feeding habits of fossil carnivorans have been widely stud-
ied (Van Valkenburgh 1988, 1989; Werdelin 1997). For
fossil marsupial carnivores more quantitative analyses are
needed. However, it is probable that most fossil marsupial
‘carnivores’ were hypercarnivores (Wroe 2002; Johnson &
Wroe 2003). Accepting that the propleopine kangaroo
Propleopus oscillans was a generalist, the observed SR of
hypercarnivores in Late Pleistocene–Recent Australia
approached that predicted on the basis of landmass area
(i.e. 5 versus 5.43).

Varying rates of consumption between taxa are also rel-
evant, as are the ecologies of other taxa. Marsupials con-
sume ca. 20% less than same-sized placentals, and reptiles
consume far less still (Burness et al. 2001). In pre-GABI
South America and Australia terrestrial birds and reptiles
may have occupied a number of niches taken by mammals
elsewhere (Marshall 1978). Large terrestrial pho-
rusrhacoid birds, present in South America through most
of the Cenozoic, were indisputably carnivorous, although

Proc. R. Soc. Lond. B (2004)

Croft (2001) argues that they were unlikely to compete
with mammals1. Fariña (1996) and Vizcaı́no & De Iuliis
(2003) posit that some ground sloths and armadillos filled
omnivore–carnivore roles. Ziphodont crocodiles were
present on both continents (Marshall 1978). Whether they
were terrestrial is debatable, but it is probable that they,
together with more generalized crocodilians and other
large reptiles, commonly took terrestrial prey (Wroe
2002). In Australia, some large terrestrial birds are omniv-
ores, and the still-larger extinct dromornithids may also
have been omnivorous–carnivorous (Wroe 1999, 2002).

Why have non-mammalian taxa in South America and
Australia apparently encroached on niches occupied by
mammals elsewhere? The possibility that tooth-
replacement pattern has set inherent limits on the ability
of the major marsupial carnivores (Dasyuromorphia and
Borhyaenoidea) to diversify (Werdelin 1987a) cannot fully
explain the phenomenon because, in Australia, thylaco-
leonid (Werdelin 1988) and propleopine (Wroe et al.
1998) marsupials have circumvented this constraint. In
South America, omnivorous paucituberculatan marsupials
have similar dentitions, and are able to kill small prey
(Kirsch & Waller 1979), but do not grow to a large size.
Interestingly, although our results do not support the con-
tention that the diversity of large hypercarnivorous mar-
supials has been constrained by productivity in Australia,
they do suggest that large marsupial omnivores have been
relatively unsuccessful. Regression of SR and landmass
area for large Late Pleistocene–Recent ‘carnivores’ of all
feeding types, indicates that observed Australian SR is less
than half that predicted (6 versus 12.59). Among the mar-
supial taxa considered here, omnivorous roles have been
suggested only for propleopine kangaroos in Australia and
some prothylacynines in South America. This is a
maximum of 20% and 28%, respectively, of large mar-
supial ‘carnivore’ species, as opposed to 60% for omniv-
ores among Late Pleistocene–Recent Carnivora. The most
pressing question then is how to explain the paucity of
large mammalian omnivores on these isolated continents?

Other questions highlighted by our analyses are why are
there so many large mammalian carnivores in Late Quat-
ernary America, and so few in contemporaneous Africa?
High rates of immigration and/or origination may explain
the extraordinary diversity of the former (Wroe et al.
2004a). Not only is it probable that immigration directly
elevated carnivore diversity in Plio–Pleistocene America,
but also immigrant lineages themselves may have under-
gone explosive radiation into ‘empty’ niche spaces. The
extraordinary diversification of canids in post-GABI South
America may exemplify the latter (Van Valkenburgh
1991). Our direct comparisons of pre- and post-GABI
Australia and South America strongly reinforce the con-
tention that immigration and extinction rates are greatly
affected by isolation, although both the nature of the con-
nections and the extent of geographical and temporal sep-
aration are critical (Rosenzweig 1995; Barnosky et al.
2001; Wroe et al. 2004a). Thus, we consider it probable
that the slopes of our diversity–area regressions are ‘arti-
ficially’ high, because all the continental landmasses we
included, except for Australia, have been variably connec-
ted throughout the Neogene. Consequently, our predic-
tive equations for diversity based on area are likely to
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produce overestimates in landmasses for which connec-
tions have been relatively poor (Africa) or non-existent
(Australia).

Any temporal cut-off in diversity–area analyses, such as
the one that we have applied here, is arbitrary. Increasing
or decreasing the temporal range of the sample will affect
diversity–area relationships. At present, it is impossible to
account for both isolation and area accurately in a single
predictive equation. However, given its extreme isolation
relative to all other continents, it is perhaps surprising that
the observed diversity of large mammalian hypercarni-
vores in Late Quaternary Australia is only slightly less
than predicted.

In summary, our results suggest that, although large
mammalian carnivore diversity in Late Pleistocene–Recent
Australia is lower than that found in arbitrarily delineated
areas of similar size in larger continents, for truly carnivor-
ous taxa the overarching constraint appears to have been
landmass area and, to a lesser degree, isolation. Isolation
evidently had a more extreme effect in South America,
with only four large mammalian ‘carnivores’ present in the
2 Myr preceding the GABI, despite its much larger land-
mass area. Marsupials appear to have been relatively
unsuccessful as large generalists in both Australia and
South America. The combined and probably related influ-
ences of isolation, phylogenetic constraint and/or compe-
tition with avian and reptilian taxa, as well as with

APPENDIX A

All South American and Australian taxa used in the analyses.
(For extant taxa average body masses are from the literature. For marsupials, predictions were taken from the literature
or calculated using published methods (Myers 2001; Wroe 2002; Wroe et al. 2004b). Where appropriate material was
known, we used the predictive equation of Anderson et al. (1985), based on minimum femoral circumference (Cf ). For
three marsupial lions not represented by complete crania, predictions were based on geometric similitude with the closest
species known from complete cranial or postcranial material. Where means were not available the medians were used.
For most extinct taxa quantitatively based body-mass estimates were not available. In these instances predictive equations
and their source are given respectively (equation and data). BM, body mass; Bo, Borhyaeninae; Can, Canidae; Das,
Dasyuridae; Fel, Felidae; Ha, Hathyliacinidae; Hyp, Hypsiprymnodontidae; Th, Thylacosmilidae; Pr, Prothylacyninae;
Proc, Procyonidae; Must, Mustelidae; Tha, Thylacinidae; Thc, Thylacoleonidae; Urs, Ursidae.)

age body
(time mass

species family interval) (kg) equation and data literature

South America
Cladosictis centralis Ha 1 4.4 LMRL; Myers (2001), Marshall (1981)
Anatherium herrerae Ha 1 9.7 LMRL; Myers (2001), Marshall (1981)
Pseudothylacinus rectus Pr 1 14.1 LMRL; Myers (2001), Marshall (1979)
Acrocyon riggsi Bo 1 26.3 UMRL; Myers (2001), Marshall (1978)
Arctodictis sinclairi Bo 1 23.3 3LML; Myers (2001), Marshall (1978)
Borhyaena macrodonta Bo 1 34.7 LMRL; Myers (2001), Marshall (1981)
Perathereutes pungens Ha 2 2.5 LMRL; Myers (2001), Marshall (1981)
Cladosictis patagonica Ha 2 4.0 Cf; Anderson et al. (1985), Argot (2003)
Anatherium defossus Ha 2 8.0 LMRL; Myers (2001), Marshall (1981)
Prothylacinus patagonicus Pr 2 26.8 Cf; Anderson et al. (1985), Argot (2003)
Lycopsis torresi Pr 2 19.4 UMRL; Myers (2001), Marshall (1979)
Arctodictis munizi Bo 2 51.6 LMRL; Myers (2001), Marshall (1978)
Borhyaena tuberata Bo 2 21.4 Cf; Anderson et al. (1985), Marshall (1978)
Acrocyon sectorius Bo 2 28.7 1UML; Myers (2001), Marshall (1978)
Lycopsis longirostris Pr 2 12.8 Cf; Anderson et al. (1985), Marshall (1979)
Dukecynus magnus Pr 2 68.4 2LML; Myers (2001), Goin (1997)
?Arctodictis sp. Bo 2 51.6a Marshall (1978)
Anachlysictis gracilis Th 2 18.0 LMRL; Myers (2001), Goin (1997)

Proc. R. Soc. Lond. B (2004)

mammalian taxa not generally considered as ‘carnivores’,
may explain these differences, but more research is needed
to address this problem.

Last, our results quantify the rarity of large hypercarniv-
orous mammals worldwide. Only around 45 have existed
over the past 65 000 years. Despite amounting to less than
6% of landmass area, Australia was home to around 10%
of these.

Note added in proof. A recently published revision of the
phorusrhacoid bird radiation suggests that 11 species have
existed in South America since the Oligocene
(Alvarenga & Hofling 2003). Two Early Miocene species
were gigantic, exceeding 100 kg, and the remainder were
between ca. 5 and 70 kg (Alvarenga & Hofling 2003).
Phorusrhacoids may not have competed with mammals
(Croft 2001). However, preliminary analyses in which we
treat these carnivorous endotherms as ‘pseudo-mammals’
do not greatly affect our comparisons, except that BMMax
and MMBM rise considerably in the Early Miocene of
South America.
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drafts.
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Chasicostylus castroi Ha 3 9.8 1UML; Myers (2001), Marshall (1981)
Pseudolycopsis cabrerai Pr 3 24.0 1UML; Myers (2001), Marshall (1979)
Stylocinus paranensis Pr 3 35.3 LMRL; Myers (2001), Marshall (1979)
Eutemnodus spp. Bo 3 16.8 3LML; Myers (2001), Marshall (1978)
Thylacosmilus atrox Th 3,4 58.0 Cf; Anderson et al. (1985), Argot (2004)
Notocynus hermosicus Ha 3,4 3.2 1LML; Myers (2001), Marshall (1981)
Parahyaenodon Bo 3,4 19.5 Marshall (1978)

argentinusb

Cyonasua argentina Proc 3 23.7 SKL, Carnivora; (Van Valkenburgh 1990) R. Farina, personal
communication

Chapadmalania Proc 4 93.1 SKL, Carnivora; (Van Valkenburgh 1990) R. Farina, personal
altaefrontis communication

Conepatus sp. Must 5 5.0 Nowak & Paradiso (1983)
Arctodus sp. Urs 5 308.0 Fariña (1998)
Tremarctos ornatus Urs 5 100.0 Nowak & Paradiso (1983)
Smilodon fatalis Fel 5 351.0 Cf; Anyonge (1993)
Smilodon populator Fel 5 375.0 Cf; Anyonge (1993), Fariña (1998)
Panthera atrox Fel 5 382.0 Cf; Anyonge (1993)
Panthera onca Fel 5 85.6 Gittleman (1986)
Felis concolor Fel 5 51.9 Nowak & Paradiso (1983)
Felis colocolo Fel 5 4.5 Nowak & Paradiso (1983)
Felis jacobita Fel 5 4.0 Nowak & Paradiso (1983)
Herpailurus yagouaroundi Fel 5 6.0 Nowak & Paradiso (1983)
Leopardus pardalis Fel 5 9.5 Nowak & Paradiso (1983)
Felis wiedii Fel 5 3.3 Nowak & Paradiso (1983)
Felis geoffroyi Fel 5 4.0 Nowak & Paradiso (1983)
Dusicyon avus Can 5 13.0 Van Valkenburgh (1991)
Protocyon scagliarum Can 5 11.0 Van Valkenburgh (1991)
Protocyon troglodytes Can 5 16.0 Van Valkenburgh (1991)
Protocyon orcesi Can 5 25.0 Van Valkenburgh (1991)
Chrysocyon brachyurus Can 5 22.5 Nowak & Paradiso (1983)
Lycalopex vetulus Can 5 4.0 Nowak & Paradiso (1983)
Pseudalopex sechurae Can 5 8.5 Nowak & Paradiso (1983)
Pseudalopex griseus Can 5 8.5 Nowak & Paradiso (1983)
Pseudalopex gymnocercus Can 5 8.5 Nowak & Paradiso (1983)
Pseudalopex culpaeus Can 5 8.5 Nowak & Paradiso (1983)
Cerdocyon thous Can 5 6.5 Nowak & Paradiso (1983)
Atelocynus microtis Can 5 9.5 Nowak & Paradiso (1983)
Speothos venaticus Can 5 6.0 Nowak & Paradiso (1983)
Canis gezi Can 5 30.0 Van Valkenburgh (1991)
Canis nehringi Can 5 30.0 Van Valkenburgh (1991)
Canis dirus Can 5 50.0 Van Valkenburgh (1991)
Theriodictis platensis Can 5 37.0 Prevosti & Palmqvist

(2001)
Theriodictis tarijensisc Can 5 37.0 Prevosti & Palmqvist

(2001)
Eira barbara Must 5 4.5 Nowak & Paradiso (1983)
Conepatus semistriatus Must 5 3.5 Nowak & Paradiso (1983)
Conepatus chinga Must 5 3.5 Nowak & Paradiso (1983)
Conepatus humboldti Must 5 3.5 Nowak & Paradiso (1983)
Procyon cancrivorus Proc 5 7.0 Nowak & Paradiso (1983)
Nasua nasua Proc 5 4.5 Nowak & Paradiso (1983)
Nasuella olivacea Proc 5 4.5 Nowak & Paradiso (1983)
Potos flavus Proc 5 3.0 Nowak & Paradiso (1983)
Lontra longicaudis Must 5 9.0 Nowak & Paradiso (1983)
Lontra provocax Must 5 9.0 Nowak & Paradiso (1983)

Australia
Wabulacinus ridei Thc 1 5.3 Wroe (2002)
Thylacinus macknessi Tha 1,2 9.2 Wroe (2002)
Ngamalacinus Tha 1 5.7 Wroe (2002)
timmulvaneyi
Nimbacinus dicksoni Tha 1,2 5.0 Wroe (2002)
Wakaleo oldfieldi Thc 1,2 28.4 TJL Myers (2001), Clemens & Plane

(1974)

Proc. R. Soc. Lond. B (2004)
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Ekaltadeta ima Hyp 1,2 17.4 TSL Myers (2001)
Nimbacinus richi Tha 2 4.9 Wroe (2002)
Maximucinus muirheadae Tha 2 18.4 Wroe (2002)
Priscileo roskellyae Thc 2 2.9 TSL; Myers (2001), Queensland Museum

Fossil 23453
Wakaleo vanderleurei Thc 2 41.4 TSL; Myers (2001), Murray et al. (1987)
Ekaltadeta Hyp 2 46.4 Wroe (1996)

jamiemulvaneyid

Ganbulanyi djadjinguli Das 2,3 3.6 Wroe (2002)
Thylacinus megiriani Tha 3 57.3 Wroe (2002)
Thylacinus potens Tha 3 38.7 Wroe (2002)
Tjarrpecinus rothi Tha 3 5.4 Wroe (2002)
Wakaleo alcootaensise Thc 3 105.0 Clemens & Plane (1974)
Thylacoleo hilli f Thc 4 11.2 Pledge (1977)
Thylacoleo crassidentatusf Thc 4 75.2 Archer & Dawson (1982)
Jackmahoneyi toxoniensis Hyp 4 23.2 PJL (Myers 2001), Australian Museum

Fossil 51885
Propleopus chillagoensis Hyp 4 36.4 2UMA (Myers 2001), Wroe (1996)
Thylacinus sp. Tha 4 18.8 3LML (Myers 2001), Mackness et al.

(2003)
Glaucodon ballaratensis Das 4 7.5 Wroe (2002)
Sarcophilus moornaensis Das 4 9.1 Wroe (2002)
Propleopus oscillans Hyp 5 47.1 LMRL (Myers 2001), Queensland

Museum Fossil 3302
Propleopus wellingtonensis Hyp 5 35.5 LMRL (Myers 2001), University of

California Museum of Paleontology 45171
Thylacoleo carnifex Thc 5 104.0 Wroe et al. (2003)
Sarcophilus laniarius Das 5 19.4 LMRL (Myers 2001), Werdelin (1987b)
Sarcophilus harrisii Das 5 7.0 Wroe (2002)
Dasyurus maculatus Das 5 2.5 Wroe (2002)
Thylacinus cynocephalus Tha 5 29.5 Paddle (2000)

a Assumes geometric similitude with A. munizi.
b Assumes geometric similitude with A. riggsi.
c For T. tarijensis we have been unable to find either an estimate or necessary data, but Prevosti & Palmqvist (2001)
describe this species as slightly smaller than T. platensis and we have used a figure of 37 kg for both.
d Assumes geometric similitude with E. ima.
e Assumes geometric similitude with W. vanderleurei.
f Assumes geometric similitude with T. carnifex.
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